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THE SOCIETY THE SIGMA 


For the Promotion of Research in Science 


January 10, 1941 


our New Members and Associates: 


Your achievement field science has brought 

you into the Society tne Sigma Xi, great brotherhood great 

size and membership distribution, wita more than 40,000 members and 

associates different countries the world, and great the 
spirit that characterizes and dominates it. 


Sigma stands for the promotion original investigation 
the realms pure and science. But back the object 
organization the spirit that directs and controls it. the So- 
the Sigma there regimentation mind and thinking; 
there only complete freedom the human intelligence. The single 
compulsion Sigma emanates from the urge get the facts. There 
on, inevitable difference opinion but unhappy friction. There 
icago. error judgment but dependable honesty. There are mis- 
rk, N.Y taken conclusions from observations but recognized responsibilities 
acause. There challenging struggle, but for valuable knowledge 
not for personal supremacy. There always triumph: not earta's 
physical force but man's superb intelligence. 


Herein lies the basic spirit real 
and ennobles the Society the Sigma Xi. worth living for. 
worth fignting for. defended and preserved all costs, 
not for our sakes alone, who are citizens these fortunate 
States, but for the sake our harrassed and circumscribed colleagues 
Europe and the world. 


Such the world-wide brotherhood Sigma with which your 
ability now identifies you. privilege welcome you and, 
the words great leader his youtnful successor, bid you "be 
strong and good courage" your chosen field. Science and 
need you. 


Cordially yours, 


National President 
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University Chicago 
grateful for the honor and conscious the responsibility speaking 
you this occasion. Many you are probably disappointed that theme 
not one which may claim special experience and competence. But felt 
that this not the time and place display one’s personal wares, the special 
inutiae Our common endeavor. have chosen the harder way thinking 
loud, perhaps neither wisely nor well, problem deep concern all 
and all other citizens. doing may that the apparent urgency 
problem obscured the factor personal incompetence. But assure you 
this eclipse not total. Should bore seniors, seniors experience, 
and years, may suggest that perchance there precipitate, even from 
and should exasperate our “young men hurry,” may remind 
hem that the general education the scientist-citizen incomplete, even 
the age three score and 
When the hurricane strikes,ships sea, frail hulls founder, while the crews 
sturdier craft experience anxiety, not panic, and are for time deflected 
from their course the temporary violence wind and waves. But they 
make their goal, thanks human courage, the compass, and the 
stars. Such hurricanes, man made, have struck human society, and its 


ctitt 


institutions, from time time throughout recorded history. call them war. 
The world now the midst one such period violence, labeled “the 
because human memory short and even yesterday’s experience less 
vivid than that today. There anxiety and fear, not panic, board. When 
storm clouds cover the heavens men little understanding question the compass 
science, fear that the stars rectitude will guide more, and with scant 
hope drift with the violent wind. The compass science not only questioned, 
but charged that this very compass has led into the hurricane, that 
science conflict with society. propose address myself these 
questions: our age led dominated science? science conflict with 
the best interest society? science and the scientific method that lead 
nations into war? Only last year British scholar said: “In Europe today 
rather dangerous ask questions, much safer discuss how question 
should asked.” Today this danger means confined Europe. But 
read the human record mud, and rocks, and ancient ruins, tablets 
clay, scratches stones, papyrus, and paper, think discern evidence 
ascent man, through asking all kinds questions all times, and seeking 
answers the best methods the age. less, admit that science 
and civilization blind alley human evolution. 

ours the Age Science? rather, what sense ours the Age 
Science? eminent physicist said, this very city (Philadelphia): “In 
previous time human history has life and thinking been greatly influenced 
science today.” This undoubtedly true, but does that alone make 
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ours the Age Science? think not. Those who, accusingly 
describe our times the Age Science usually cite evidence the 
aspects man’s inhumanity man, the numerous practical applications 
the discoveries physics, chemistry, geology, biology, and medicine during 
last hundred years, such the steam and gas engine, the telegraph, the 
the airplane, the radio, modern surgery, fair control infectious disease. 
sanitation, and many other inventions and measures that contribute the 
venience, the efficiency, the health, the comfort, and the happiness 
life. true that science has, during the last hundred years, 

mously our understanding the nature the world and the nature 
and with that greater understanding has come greater control the 
act man and his environment. But fundamental discoveries 
the achievement but few people. The practical inventions based 
discoveries are also the work few men, speaking relatively. And 
physical and chemical inventions are mostly gadgets that merely modify 
tempo and external mode living. contend, and think will able 
prove you, that the great mass the people our age, the rank and 

men and women our day, even the most enlightened countries, 
thinking and their motivation are nearly untouched the spirit 
and innocent the understanding science was the “Peking Man” 
million years ago. modern man adjusts environment great! 
modified the scientific efforts the few. The “Peking Man,” 
assume, adjusted himself best could nature the raw. span 
million years separates the two. And yet the two are about equally inn 
science, the sense the spirit and the method science part their 
way life. For science more than inventions, more than gadgets, however 
useful and important they be. Science even more than the discovery 
correlation new facts, new laws nature. The greatest thing science 


a 


objectively recorded with absolute honesty and without fear 
this sense has yet scarcely touched the common man, his leaders. 

The character human society any age determined man’s thinking 
motivation, and behavior rather than external gadgets. The 
assumption that ours the Age Science, the very limited sense whi 
this true, has led many people charge science some the follies and 
failures, some the violence, the brutalities, the suffering, the 
throughout the world recent years. Some these people tell that 
has failed,” that should declare moratorium science.” 
understood all things; real understanding harmful; should 
the book scientific knowledge today against the generation 
People who talk thus, who advise thus, cannot understand either the spirit 
the method science. cannot afford declare moratorium 
integrity, objectivity, experimentation, for that would take 
back the jungle. The way science away from the jungle, away from 
its violence and fears. the way science times, such the present, 
obscure and even dangerous that due too little, not too much, understanding 
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nature man and our universe, and the further fact that not 
not permitted follow the light reason based facts. 

our age “The Age Science,” our rulers, our legislators, our business- 
en, our educators, our farmers, our factory workers should give evidence 
comprehending, using, and following the scientific method. recent book 
the Dean Canterbury writes: “Our social and economic order neither 

ntific nor Christian. When read, headline the Observer that 
Poland’s good harvest was severe blow recovery, recalled the words 
American professor agriculture after seeing ten million acres cotton 
under and five million pigs slaughtered: ‘If this will bring national 
prosperity, then have wasted The thing monstrous, age when 
science frustrated.” the broader field human relations, what 
see the horizon? Conspicuous, certainly, are: greed, force, faith, and war. 
These are certainly more conspicuous than the ways reason based scientific 
understanding. the last analysis, war murder and stealing the part 


somebody. War the extension the practices the jungle into modern life. 
The technique modern warfare modified scientific discoveries, but the 
elements that make for war are certainly not scientific. Hence the persistence 
war cannot laid the door science. due rather the failure 
science and conscience yet essentially modify human conduct. 


For 


human behavior. animals with cerebrum can conditioned. But, 
lest too far this optimistic dogmatism, let also remember that while 
have “tamed” the dog, have not yet “tamed” the tiger. 

The scientific method demands that suspend judgment until know the 
facts. demands honesiy, integrity and industry ascertaining the facts. 
The scientific method and dishonesty are incompatible. But scientists are but 
human beings, and they frequently make mistakes both facts and interpreta- 
tions. Now, our age conspicuous for honesty and integrity? there less 
lying and deceit locally, nationally, internationally, today than yesterday? The 
answer all about us. Modern propaganda, and good deal modern adver- 
tising, have the earmarks lying fine art, rather than the character 
honesty, objectivity, truthfulness, and accuracy science. is, biologically, 
evident that shall have live with greed for some time come. But the 
more serious question is: can human society survive without individual, social, 
ind national the answer probably have here the most 
fundamental conflict between the scientific method and society. 

Science, spirit and method, knows political aspects national bounda- 
Individuals all races and nations have contributed our present under- 
ling the nature man and the world. There Democratic logic, 
Republican mathematics, Nazi physics, Fascist chemistry, Marxian biology. 
The spirit and the method science cannot change with capitalism socialism. 
This appears axiomatic. But fanaticism society and governments can 
temporarily retard discovery and further advance the understanding and 
control life and nature. And yet hear claims from the Germany today 
special Teutonic Nazi physics, claims from Russia something called 
Marxian genetics, whatever that is. These stupidities characterize our age, but 
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they are not the characteristics science. the science modern biology 
made out anything with high degree certainty, the fact 
unity our present human race, and that such differences the skin lor 
hair color, speech, size body, etc., are not any way fundamental. And 
notions racial superiority and inferiority are widespread—as the 
skin color, size lip length nose had any significance when 
the capacity the brain the control the emotions. 

even our so-called educated fellow citizens were scientific their cond 
would more influenced proven facts than wishful thinking. 
anything that has been proved the hilt biology and medicine during thy 
last hundred years, the effectiveness vaccination against There 
are “ifs and ands” about it. one hundred percent effective, and 
cally one hundred percent safe. course, wherever human hands, 
agencies, are involved accidents will happen sometimes. can’t 
present, prevent colds, pneumonia, cancer, diabetes, too high 
but can prevent the deaths and the disabilities from smallpox protectiye 
vaccination early infancy. And most cases the immunity thus 
lasts throughout life. Despite all these facts, men and women this and other 
civilized countries neglect and oppose vaccination against smallpox. 
large groups people organized into “anti-vaccination societies.” And these 
are not all ignorant people. Some are college graduates. these people 
the way science, they would accept and guided proven facts. 

The exact biologic relations man other animals are still, part, 
matter theory. Animal evolution usually slow. Most what 
today took place the past. can only dimly observe the past; cannot 
experiment with it. Animal evolution probably now going on, but 
that usually fail discern it. But the essential identity the structure 
and function tissues and organs man and animals not theory. 
proven fact. The heart, the liver, the stomach, the lungs, the blood, the eyes, 
the ears, and even the brain are made the same stuff and subjected 
much the same diseases, wear and tear and ageing man and animals. 
also true that practically ninety percent the understanding gained the 
hundred years preserving health and controlling disease has been secured 
through experiments animals. And yet people, even civilized countries 
oppose experiments animals futile and cruel, benefit man 
These people are not all ignorant. But they surely are not scientific. They 
not accept, they are not guided by, proven facts. Their thinking and motivation 
have not been touched the spirit and the method science. Moreover, 
majority people some our states, through their legislatures, pass “anti- 
evolution” laws, the course events the past could altered 
legislative dicta today. 

still common practice man, so-called civilized man, follow 
post hoc reasoning; that is, because one event may sometimes follow another 
the two events are, therefore, necessarily causally related. Mankind 


It 
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understand follow the principle control, the principle 
Post hoc reasoning one the commonest sins against the scientific method 


and even leaders business, industry, and government, not yet thoroughly 
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has still see occasionally those who have been trained science; for 
ssential modern physicians. example post hoc reasoning medicine, 
color, cite the case physician who had practiced medicine honestly, not 
\nd yet far western state for forty years. number years ago 


told all seriousness that had discovered specific remedy for 


has far largely defied modern scientific control. being asked what 
conduct remedy was, replied, “Good whiskey and plenty it.” 


The doctor was 
perfectly sincere about it. When asked him how many influenza 
atients had treated without whiskey and how many these recovered, 

ked surprise and said: “You understand, have treated every one 
influenza patients with whiskey during the last forty years, and have 


high percentage recovery.” This physician, though stupid, was too 
ch, nest and venerable poke fun at. was tempted ask him how many 
from influenza thought would have had had ordered his 
‘otective atients read Mary Baker Eddy’s Science and Health angle 
practice Coueism, have their spines toes twisted according the 
other cult. Another example that another honest physician 
Veh state using remedy whose virtue, any, was essentially twenty 
walke Pinkham’s well-known vegetable compound. The case was that young 
working twelve hours day factory southern city low pay. She 
part, ived garret room, with poor food, and poor sanitation. She had high 
see 


anemia. The doctor wrote: took this girl out the factory, sent 
the country for three months with relatives and gave her this female 
After three months she had nearly recovered from her anemia, thanks 


nic, 


this tonic.” not surprising that even physicians fall into this error 
isa reasoning, because the not distant past medical education was only partly 
ected what extent what sense science conflict with society? think 
there much confusion, misunderstanding, and unwarranted generalization 
the last this point. Not many years ago the American Association for the Advance- 
ment Science declared, resolution: “Science wholly independent 
ountr national boundaries, and races, and creeds and can flourish only where there 
peace and intellectual freedom.” This position clearly conflict with the 
They cyclical psychosis exhibited homo sapiens, mass, throughout the ages. But 
whether there conflict science with the primary interest and ultimate 
well-being society least open question. Only last year outstanding 
physicist declared: “Science makes man human.” presume our colleague 
tered meant that science tends, should tend, make man more human. The possible 
conflict between science and society this statement obviously depends our 
conception what are the desirable human qualities, behaviors, today and 
tomorrow. deceit, violence, and war are essential for survival and progress 
conflict between science and society, for deceit, violence, and war are 
very antithesis the scientific method. Two years ago colleague uttered 
the following dictum: this continent where science has achieved its 


method, 


greatest application, science conflict with society. Science and technology 
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have gone far that the present social structure facing its debacle. 
else the world today science such militant conflict with the 
ture under which science same author also speaks the 
tution science for war.” have here, clearly, confusion scienc 
the scientific method with the uses, largely non-scientific society, 
understandings and the gadgets developed the methods and the appli 
science, for satisfactions the ancient human drives greed, hate. 
vanity. The modern use scientific gadgets and forces for violence and 
not essentially different from the ancient use the hand, the teeth, 
the stick, and the club similar drives our primitive ancestors. 
Recently the President the United States addressed letter the pres 


dent the Massachusetts Institute Technology, calling upon the 


profession “cooperate designing accommodating mechanisms absorb 
shocks the impact science society.” seems that her 
have confusion the scientific method and science with technology, 
identification science general with the scientific achievements 
istry and physics. not the technology developed through the latter 
ments with which our President concerned? Evidently the President, 
said so, did not really mean science general the scientific method, for 
our fellow citizens really are shocked new data, new generalizations, 
uses and controls matter and energy, new understandings man and 
universe brought forth science, what kind shock absorber would 
against such knowledge, and would not agree that those who are 

new understandings should shocked? For instance, what kind 
absorber for society may look for the matter the biologic and medi 


sciences and the services modern medicine, especially prevention and 


1 COr 
trol infections and the application modern knowledge nutrition? 


sure, society once appeared shocked the theory the evolution 
and the growing evidences the unity all life. These facts disturb son 
people, but judgment that disturbance wholesome for society. However 
the science biology and medicine certainly helps preserve and 
prolong the life the least fit members society, least fit physically 
mentally. Biology and medicine have also greatly increased the averag 

span, that today society has greater percentage members past fifty, 


and seventy years. sure, modern warfare tends effectively counteract 


this “impact” science society. And not yet clear that the 
the life span, particularly the effective life span, undesirable “impac 
brief, the alleged conflict between science and society based largely 
misunderstanding and unscientific generalizations. 


The services science society are, primarily, increased knowledge, 
standing, freedom, and power. That such increased knowledge, understanding 
and control the forces nature are used, not scientists, but 
with increasing effectiveness the continuous and recurrent drives 
greed, lust, hate, and vanity, will, judgment, ultimately prove 


not the inherent nature the scientific method knowledge 
the failure man, far, effectively conditioned science and the 


scientific method. 
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sometimes asserted that science amoral not immoral. The latter 
true, immoral challenge and destroy taboos and traditions based 
and misunderstanding. But call the impartial, industrious, and 
earnest search for new knowledge amoral immoral conflicts with concep- 
tion immorality. understand it, there conflict between the scientific 
method and our sense justice, though admit that the latter stems from 
much broader base than science. Individual scientists may times, their 
ivory towers, express distrust society the common man, disclosed 
the following recent statement from eminent surgeon: the public 
interest (in medical research) something deeper than curiosity, and whether 
can relied potent factor for the common good have not been 
Indeed, study the historical background surgery invokes 
the mind the medical scientist distrust the public.” The doctor cites 
among other examples, the Edict Tours (1165) declaring surgery not 
respectable. But that Edict was not the work the common man. was 
product the leaders the Church. 


the other hand, the defeatists among us, noting the conspicuous, though 
superficial, science modern life, occasionally see science and the 


method the very root some our modern ills. Thus the leaders 


little college our Atlantic seaboard have boldly undertaken rectify 
Harvard University educational failure, providing “conditions for liberaliz- 
ing and humanizing science.” And this the college hopes achieve the 
“strategy taking specialists the sciences and re-educating them the 
liberal are not told what for, with, the people who were 
“educated the liberal arts” before they became specialists science. Maybe 
these unfortunates are acephalic satraps Satan, just dead and not know 

pessimistic colleague the social sciences recently referred our time 
one “intellectual chaos and moral confusion which have undermined the 
confidence men. has become common justify the bad and belittle the 
good, that the words good and bad, honor and dishonor, truth and falsehood have 
lost most their meaning for persons who influence public opinion.” Even 
this paean pessimism entirely true, what evidence have that was 
better instead worse yesterday, hundred, thousand, hundred thousand 
years ago, when science and the scientific method were unknown? Few any 
real scientists will take exception the humanist who insists that “under the 
shelter the word culture there must room for more dynamic ingredient 
added the person who can produce fine things.” think among the “persons 
who can produce fine things” are the men science, and among “the fine 
things” are new facts about man health and disease, new facts about the 
universe, new facts about the nature life and matter, new understanding and 
new powers control the forces nature. 

Many world events recent years have made some assert that worthwhile 
human society cannot persist prevail without the perennial supremacy 
leceit and greed, violence and war. Others question whether these very an- 
titheses the scientific method can persist side side with science and the 
necessary human qualities that with the method science. Deceit, violence, 
and war have certainly been with before the dawn history part the 
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“struggle for existence,” while science and the scientific method are 
more recent vintage. also true that the “struggle for existence” 


groups such the family, the tribe, the nation ultimately curbed, 
part, both deceit and greed, violence and war. Can such curbing 


larger scale desirable that such curbing man’s past dri 
achieved the interest the future welfare and progress man? 
can see there only one answer this question, and that answer 
both history and the primary interest society. refer again 
resolution the American Association for the Advancement 
“Science can flourish only where there peace and intellectual freedom.” 
intellectual freedom and peace the desiderata for man? this so, 


fundamental conflict between science and society, view society 
future. But some are inclined take the more virile position 
immortal Pasteur who said: “Science and peace will triumph over 


and war.” But today the “blackouts” imposed our modern barbarism 
particularly monstrous, partly because the current bright light 
The endemic and cyclical psychosis our race nothing new. 


burning libraries, and rivers human blood other days and climes. 


through the past and present immense and ugly wilderness “man’s 


man” there runs trail, times scarcely discernible, but still trail, blaz 


the search for understanding, occasional kindness, and the groping 


justice. 
The evident failure modern science measurably influence 


n ¢ 


and conduct, individually, nationally, internationally, are probably sou 


2 


three factors: (1) the character our prevailing education. Our prevail 
education, starting the home and the church, the grade school and 
high school, and extending into the college largely education dictat 


The re wer 


indoctrination rather than education understanding the why and wher 
fore through experimentation. This applies countries other than our 


There are those our own country who insist all along the line educ 


UCd 


more and more dictation and indoctrination. Merely the memory and 


+ 


ability repeat heterogeneous number facts, even coordinated fact 
discovered science, not education the method science. can teac 


parrot talk Latin and repeat syllogism, but that Latin-speaking bird 


parrot. the bulletin the Association American Colleges 
December, 1935, there article entitled, “The Alumni College.” 
this article are brief accounts faculty offerings the alumni their 


tive schools. Science not even “second best,” “also 
offers its alumni “Modern Problems Sea Power.” Wooster Universit 


offered “Suggestions for Travel England.” Mount Holyoke reported 


“We Americans Today,” and “The Church the Nazi Rollins 
they took “An Excursion into the Field Biology,” which might mean any 
thing, and Lawrence College had something “The Subterranean Wor! 
which may have been either geology politics. The University 
listed important food for alumni thought: “The New Deal and 


College evidently considered most important 


shackles, even more deadly, the human mind other ages. There wer 
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learn “How See Play,” and also learn something about 


Dance Movements,” and 1935 Lawrence College presented its 
“Gothic and “The Artistic Prospect the Cinema 
merica.” Evidently these topics interest and entertain our alumni. They 

recent paper education, entitled, “Learning and Lollipops.” 
have follow Hollywood? Are sure that our alumni cannot 
stronger meat? they cannot, there little worthwhile significance 
our A.B. and B.S. degrees. interesting travel abroad, but 
more important live the full life America. The latter demands some- 
thing more than “Modern Dance and the “Artistic Prospect 


Cinema.” demands the latest news heredity, the electron and the 
ton, bacteria and health, soil conservation, chemistry, and cancer; 
birth control and pest control; better foods, better homes, better children; 

thousand other problems life which science has provided under- 
standing and working out our control. 

(2) Considerable responsibility for the failure science essentially modify 
conduct must laid the scientists themselves. Many are 
scientists only during our working hours, and fall into the common errors 
the average man when step outside our own specific field. Many have 
considerable fog our brains and clay our feet, and this discerned 
other human endeavors, and the man the street. 


Scientists 
frequently become dogmatic both inside and outside their own fields, and 
may therefore legitimately asked: the very high-priests science thus 
fail influenced the spirit and method science, what hope can there 
for the rank and file? few years ago British biologist some standing 
published little book (Heredity and the Ascent Man) which tells 
that: “Perhaps the most serious obstacle the way any permanent intel- 
lectual improvement the human race the democratic nature the govern- 
ments which make the laws and rule the affairs the more civilized states. 

Recent events Italy and Germany, where democracy has been replaced 
lictatorship, show the practical possibilities state action for race improve- 
ments.” anything could possibly proved the way elevating German 
and Italian character and intellect the short period that these dictators have 
held sway. For the progress science, the very antithesis dictation and 
regimentation seems the most favorable environment. But appears that even 
the most thorough conditioning the natural sciences does not always carry 
ver into the fields social, economic, and political relations. few years 
ago American zoologist wrote book with the title “Out the Night,” 
queer book from the pen man science, which tells that: “Jn the 
italistic state the search for truth will eventually languish its own internal 
The title this book “Out the Night.” should have been 
“Into the Fog.” For not fact that the individual search for truth 
internal drive, sure, influenced the political, social and economic 
environments, but, least part, independent them? The dawn science 
antedates capitalism. Science has been fostered, least individual 
ists, and the record dictators the matter fostering the scientific way 


life is, say the least, varied and uncertain that There 
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embryonic dictator beneath the skull cap every man. And the 
individual freedom, science, and honest inquiry not confined 
creed, clime, nor any economic political order. 

(3) The third factor the tremendous resistance man new 
thinking and new ways life. During the past million years that 
evolved under the influence the non-scientific raw environment, 
developed emotions and habits and drives that are not easily, speedily, 
manently modified the environments and techniques developed 
self through science. There use crying over this situation. 
recognized scientific facts, and must accordingly work toward the 
longer vision and greater tolerance and patience. Science educational 
social force but yesterday. Man has been exposed for ages the fund 
mental ethics the great religions, using the elements fear, punishment 
perpetual reward motives, something that science cannot do. And yet 
effects this exposure seem neither significant nor lasting. 

From all the evidence now available seems clear that the past 
guile, and violence had survival value for primitive man. Assuming 


that 
drives can curbed national and international scale the new 
based understanding, reason, and emerging justice, will the latter have 
survival value and for the kind society hope build? answer 
yes, with this proviso: think must apply new and different measures 
reduce the number the antisocial, the less have enough information 
make beginning that direction now, but prevalent mores prevent 
Unless reason based understanding effectively guides social evolution 
tomorrow the direction elimination reduction the number 
less fit, those who cannot will not strive for the individual and the 
good, see escape from the degeneration that seems follow biolog 
parasitism, except the ancient law tooth and claw. 

Now, shall try say one minute what probably failed make clear 
fifty. see it, ours not age science. Men are still driven 
greed and confused guile, rather than guided reason and justice 
our expanding knowledge. Science has greatly enlarged man’s understanding 
conquered many his diseases, lengthened his life, multiplied his joys, decreas 
his fears, and added much his physical comforts and powers. But man 
use these and other achievements for greater social injury, instead for 
further social advance. Science specifically human, that stems from 
innate curiosity all men, and the conspicuously plastic brains the ablest 
not the noblest, our fellows. this so, follows that the 
method and its products cannot be, any fundamental and permanent 
conflict with human nature, though our present human society, product 
past dominated greed, force, and fear, may be, and conflict with 
scientific method. Whether science and the scientific method, whether under 
standing, honesty, reason, and justice can contrive survival values equal, 
superior the blind forces nature which shaped man’s past, yet 
laps the gods. Still, cannot deny the possibility, and wil! nurse 
hope, that the hairy ape who somehow lost his tail, grew brain worth having 
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I—THE NATURE SOLAR 


MENZEL 
Harvard University, Cambridge, Massachusetts 


assignment this symposium outline the general nature solar 
laying down the fundamental facts observation that form the basis 
fall studies solar energy, and leaving practical colleagues the explana- 
how the sun can put work. going employ the word 
however, not the restricted sense light and heat, but the 
ense any force, ray, particle that emanates from the sun. The restricted 
radiation mean only electromagnetic energy some sort mediaeval. 
has been out fashion since least 1927, when the newer developments 
the field atomic mechanics put light and corpuscles almost equal footing. 

During most the nineteenth century light was supposed waviform 
character. Somewhere the sun, for example, atom was supposed 
the ether, setting sort ripple that sped across the intervening 
space ninety-three million miles, until reached the earth. Nineteen hun- 
ired introduced new era, when Planck found evidence that light was trans- 
mitted, not waves, but tiny corpuscles. Thus began the age “quantum 
theory,” so-called after the corpuscles themselves, which were termed “quanta.” 

twenty-five years light played this dual sometimes appearing act 
aves, and sometimes corpuscles. The answer, beginning answer, 
vas furnished 1925 young German physicist, Schroedinger, who really 
the problem introducing second puzzle. 

During all this time, when scientists were worrying whether light was 
really wave particle, few doubted that atoms, least electrons and 
protons, the particles that were supposed the building blocks from which 
were made, were other than discrete particles. And then Frenchman, 
Louis Broglie, showed that matter also possesses sometimes the character 
wave, and sometimes the character particle. was Broglie’s work 
that led Schroedinger the fundamentals wave mechanics. 

The details this important development are highly technical. Fortunately, 
shall not find necessary deal with them further. The important result, 
ior us, the surprising similarity between matter and radiation. The theory 
des very satisfactory means calculating the interaction between 
radiation and matter. tells how atom, with its electron tuned some 
specific light frequency, may absorb and then re-radiate the energy. One impor- 
tant consequence that have been able predict the spectroscopic character 
even relatively complex atoms. Theory provides new ways determining 
the physical and chemical composition the solar atmosphere. And, what 
most important for the present problem, can even make rough estimates 
the character solar radiation regions inaccessible observation because 
the absorption the earth’s atmosphere. shall return some these 
points moment. 


before the symposium Solar Energy the Harvard Chapter, Spring, 1940. 
other papers, Dr. Thimann and Dr. Hottell, will published 
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Energy can transmitted from the sun the earth particles 
light. course far the greater proportion the solar 
reaches the surface the earth electromagnetic character. There 
certain properties that ordinarily associate with light: intensity, and 
energy. The color beam light defined terms the wave 
You know that the wave crests blue light are closer together than those 
red. Similarly, there are colors light that cause response all the 
human light.” Waves ultra-violet radiation have their 
crowded together still more closely than the violet. X-rays have even smalle; 
wave-lengths. Thus they can pierce the interstices apparently solid 
and reveal diseased bone structure defective casting. the other 
have the infra-red radiation, longer wave-length, grading off wit! 
any break into the region heat waves, and into the short and long 
waves. The entire radiation spectrum produced much the same 
all electromagnetic. Electrons, whether oscillating back and forth 
atom along the wires radio antenna, produce the phenomenon 

Let turn more specifically the nature sunlight. fairly 
that the does not emit radio waves any great intensity. the time 
magnetic storms, like the one that disrupted radio communications severe! 
Easter Sunday, 1940, static likely more prevalent than usual. 
seems that the extraneous radio waves that cause our receivers 
originate somewhere our own atmosphere, even though the ultimate cay 
is solar. 


yr 


— 


These electromagnetic storms, which are often associated with 
are apparently caused mainly corpuscular emission from the sun. Sor 
the effects are probably ascribable blasts ultra-violet radiation reachir 
the earth, but seems that electrons and ionized atoms are mainly resp 
The electrified clouds matter, ejected from the sun, are bent the eart! 
magnetic field, and tend enter the atmosphere more strongly regio: 
nearer the magnetic poles than the magnetic equator. They excite, turn, 
atoms the upper atmosphere process not unlike that occurring 
ordinary neon sign. The atoms are induced emit radiation 
auroral displays result. 


The upper regions the earth’s atmosphere, particularly those known 
the Kennelly-Heaviside layers, active reflecting radio waves around the 
surface the earth, become more highly electrified than usual. consequer 
radio waves are reflected from lower levels and cannot reach distant receivers 
Disruption communication consequence. 

Furthermore, the extraneous electric currents going through the 
atmosphere induce rapidly varying electric currents all land wires. Teletype 
receivers may operate apparently their own accord, recording meaningless 
messages. Fuses are blown the extra current taxes their limit. The effect 
has been observed even power lines, where, the vicinity Boston, during 
the aforementioned Easter disturbance, voltage fluctuations high ten 
cent and currents fifty amperes were registered. Thus, even your 
reception was poor, your electric lights were somewhat brighter than 
Furthermore, most this additional current was free, unregistered 
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urrent meters. But residents supplied with direct current had pay 

the extra power, though the amount involved was negligibly small. 

There one other direct form solar energy that should least men- 
tioned, that the tides. Although the tides caused the moon are considerably 
larger than those produced the sun, the two bodies cooperate producing 
the resultant fluctuation the height the ocean. When the sun and the moon 
are found the same straight line, tides are higher than when the sun and moon 
opposing each other right angles. The former are called spring tides 
ind the latter neap tides. Much the devastation the great New England 
hurricane September 21, 1938 was due the fact that the storm occurred 
very close new moon. The high spring tide, wind driven, rushed over the 
entire coast Rhode Island, causing great destruction. Attempts harness 
power the tides have led great commercial success, although tide 
mills have been operated occasion certain regions where the total range 
tide large, especially when the water rushes through some relatively con- 
stricted opening and can dammed await the ebb, which time the 
water allowed flow back into the ocean. 


the general sense, the title this symposium contains one redundant word. 
The word “energy” should sufficient itself, without the qualifying adjec- 
tive, “solar,” since, with two three minor exceptions, all the available 
energy the earth ultimately traceable directly the sun. These excep- 
tions are radioactivity, and the heat volcanos and hot springs, addition 
the lunar tides. few regicns, houses have been heated with natural water 
from hot springs. But even these energy sources may possibly traced 
riginally the sun. For the earth cooling down, and there certainly 
natural production radioactive substances within the earth. And thus all 
the forms present energy may traced back that day when the earth was 
part star—which seems the most acceptable hypothesis, even though 
the exact mode its origin not yet known. 

The main sources energy today are water power, wood, coal, petroleum, 


and wind power. The energy coal bottled sunlight, captured millions 


years ago the leaves prehistoric forest, later crushed, imbedded, and 
purified the finally the magic combustion 
release the stored sunlight give you heat. Petroleum derived its energy 
similar process. Water power, wind power,—all come from the sun. 

used, energy must collected. Water power owes its existence 

occurrence natural water sheds, which divert the drainage over large 
areas into narrow channels where can used turn the dynamos and grind 
electric current. The leaves trees are natural collectors radiation, 
although they convert only small percentage the total light that falls 
pon them. The great areas covered our forests represent terms con- 
verted solar energy enormous figure each year. 

important for know both the quantity and the quality the solar 
radiation that reaches the surface the earth. This energy has its greatest 
intensity the visible region the spectrum, somewhere the green, and the 
amount radiation other colors falls off from that point toward the violet 
and toward the red. probably accident that our eyes are sensitive 
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just these colors. For the processes evolution must have served 
eyes sensitive the colors light emitted the sun. 

The character sunlight greatly altered the earth’s atmosphere. 
the stratosphere, between ten and perhaps thirty miles, laye 
contains minute quantity ozone. This gas, spite the minute 
which occurs, exerts profound absorptive effect the solar 
removing large percentage the ultra-violet light. Beyond certain 
the spectrum, might just well have ceiling concrete over us, 


all the energy that comes through. And yet the sunlight this far 


region must fairly intense. Even so, definite trace has been recorded 


either from high mountains from observations taken ascents with strato- 


sphere balloons. 

This ozone ceiling the anathema astronomers times, who would 
know more about the radiations the heavenly bodies this 
should all feel much happier, occasion, the earth were entirely 
atmosphere that could make observations the extreme 
These studies would throw much light, are sure, problems connected wit! 
the structure and composition the sun and stars. And since this informatio; 
lacking, have resort indirect methods for its estimation. 

Nor does the infra-red portion the spectrum come through 
unscathed. Even the visible regions there noticeable absorption water 
and particularly atmospheric oxygen. the far infra-red, great block 
energy are cut out carbon dioxide and water vapor. find only occa 
sional window and then complete absorption until reach the heat waves 


ely 


radio waves. the part the solar radiation that penetrates our atmos- 


phere that forms the chief topic discussion when practical conversion sol 


energy discussed. But the astronomer also concerned with the actual 


amount radiation available outside the earth’s atmosphere. Dr. Charle 
Abbot, secretary the Smithsonian Institution, has made long and car 


etn 


study this actual amount. appears vary somewhat, fraction 


per cent, but the average figure about 1.94 calories per square centimater per 


minute, after correction for atmospheric absorption. The amount received 
the surface will clearly vary with atmospheric transparency, the time 


and the time day. During the night, course, the amount falls zer 


Let try put these figures for the intensity solar radiation int 
little more understandable form. Theoretically, allowing for the effect 
earth’s rotation, easily calculate that the earth receives enough heat 
the sun the course year melt layer ice one hundred and 
feet thick over the entire surface the earth. Naturally, the potential melting 
the equator would far excess that amount, while that the 
would fall relatively low figure. Roughly, the surface the earth, wit! 
vertical sun, the solar energy about equivalent one kilowatt per squar 
yard. other words, making due allowance for latitude and 


could run night two three one-hundred watt lamps, from the solar 


energy stored during the day receiver one yard square. 
energy equivalent more than million horse power per square mile. 
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Enormous these figures seem, they are negligible compared with the total 
utput the sun. Only one part about two billion the solar energy 
trikes the tiny area presented the earth. The percentage area thus covered 
the earth like that fifty-cent piece lying somewhere circular field 
mile diameter. rather imagine, however, that colleagues will 
vell content they can merely convert minute portion that seemingly 
ignificant fraction solar energy that falls upon the earth. 

The source solar energy has been enigma for many years. The prob- 


subject visualized. They thought the sun pure fire, perhaps state 
But we, this modern era, know that combustion chemical 
that requires fuel. the sun were composed the purest carbon 
and oxygen, just the right proportion for complete combustion, the total mass 
the sun would furnish solar energy for only two thousand years—an inappre- 
fraction the length time that the sun has been shining. When 
science came realize that heat could produced means other than com- 
for example friction, new theories the origin solar energy 
were proposed. was suggested that perhaps the solar fires are maintained 
the impact meteoric material striking the solar surface. But modern counts 


the numbers meteors that could strike the solar surface per second show 
that this process entirely ineffective accounting for the enormous output 
solar radiation. 

One the most promising theories ever put forth was the so-called “con- 
traction” hypothesis Helmholtz. Since mere compression gas increases 

temperature, Helmholtz suggested that perhaps the solar fires are main- 
tained slow and gradual collapse the sun. The amount heat that can 
produced contraction enormously greater than either simple combustion 
meteoric bombardment could provide. Helmholtz showed that the sun, 
contracting from infinity, would able maintain its present rate radia- 
tion for something like fifty years, and the great scientist rather threw 
down the gauntlet the geologists not find age for the earth excess 
this value. But the geologists, notwithstanding Helmholtz’s warning, almost 


Thus, the contraction hypothesis likewise fell into discard. 

For many years astronomers and physicists theorized about possible subatomic 
processes leading the conversion matter into energy. The Relativity 
provided basis for making computations the amount energy 
available, but until recently nothing was known the processes that give rise 
the production heat. The recent development the study nuclear 
reactions, with the aid radioactive elements and the cyclotron, have shown 
that the nuclei atoms can enter into sort chemical union. Any these 
processes, which one element actually transmuted into another, accom- 
panied evolution energy. the last year Dr. Bethe, Cornell, 
worked out chain processes whereby carbon nuclei swallow successive 
protons (hydrogen nuclei), building more complex atoms, releasing 
energy, and finally breaking down again into carbon. Thus, carbon found 
function catalyst the evolution stellar energy. The details this 
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process are far too complex and technical for further comment here. 
seems that least have semi-quantitative method, verified labo; 
experiment, for calculating the release subatomic energy inside the sun 
stars. Furthermore, the general agreement between the theory and the obser 

tions seems quantitatively satisfactory. 

Many the secrets the solar surface are undoubtedly allied with 
lems the sun’s interior. know that the sun gaseous throughout and 
that the temperature gradually increases from its surface maximum 
excess ten million degrees the center. Although the average density 
the sun only about 1.4 times that water, the tremendous compression 
the center the sun produces density there that may great sevent 
five times that water. Because the temperature decreases outwardly, the hea: 
gradually leaking out from the interior until, the surface, the 
ordinarily quoted about 6,000 degrees. This figure based upon studies 
the total amount heat reaching the earth, well upon its quality. 
theless, there are several bits indirect evidence indicating that the value 
degrees should not taken too literally. 

The spectrum the sun’s atmosphere, observed times total 
possesses some marked peculiarities. particular, the lines helium and 
ionized helium are far too strong accounted for 
excitation source 6,000 degrees. Furthermore, know that con 
siderable quantity radiation from hydrogen and from helium must reach 
earth spectral regions that are not accessible because the absorption 
the earth’s atmosphere. One cannot say present what the source this hig! 
excitation is. Perhaps produced high-speed corpuscles thrown out 
from the sun’s interior. Perhaps induced excess ultra-violet 

Whatever the cause, 


energy leaking mysteriously through the surface. 
certain that far more energy reaches the earth than would expected fron 
perfect radiator with temperature 6,000 degrees. should 
suggest that the temperature this radiation certain narrow bands bordering 
the resonance lines these atoms, not throughout the entire region 
far ultra-violet, might well exceed that from perfect radiator temperature 
20,000 degrees. Although the amount this radiation may neg 
compared with the direct amount reaching the visible range, this 
energy emission undoubtedly responsible, part, for the electrified 
the upper atmosphere. 


The non-static character the solar surface distinct evidence tempera 
ture variations and rapid atmospheric circulation totally different from 
found the earth. There are the great sun-spots, which constitute ma) 
disturbance. Observation has given very certain evidence their 
character, but the presence there strong magnetic fields sufficient evidenc 
rotation. For all such fields, except those associated with permanent mag- 
nets, which can scarcely present, must arise from rotatory circulation 
electric charges. addition, closely associated with the sun-spots, 


lesser disturbances that give rise the fine granulation that observed 
the best conditions observation. 
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Lying above the shining solar surface, photosphere, the region 


hromosphere and prominences, zone still greater activity. Though there 
obvious connection between these layers and the more extensive corona, 
feel that the phenomena must necessarily related. The lower corona extends 
well down into the lower part the chromosphere, fact that often over- 
looked. And the great knots prominences must ply their way through the 
resisting medium the corona. 

The variability the sun, evidenced the sun-spot cycle, 
allied with the activity the solar atmosphere, well with terrestrial 
magnetic storms. Even the output solar energy does not appear rigidly 
constant. The careful series measurements Dr. Abbot the 
Smithsonian Institution exhibits small but probably real fluctuation energy 
utput the order perhaps one-half per cent. The activity prominences 
and the form the solar corona are clearly related solar variability, though 
not know the cause even the nature the fundamental variation. 
highly probable, however, that the much heralded sun-spots are means 
fundamental the picture. They, like the prominences, the corona, and terres- 
trial magnetic storms, are the result some periodically variable deep-seated 
circulation inside the sun. 

The forces that move the millions tons material found even the small 
prominences and support them against the downward pull solar gravitation 
are imperfectly understood. Probably pressure radiation comes into account, 
addition the forces electromagnetic fields. The tendency prominences 
form arches well known. Perhaps the effect caused the tendency 
the electrons move closed circuits. 

Most the foregoing discussion apparently remote from the problems 
that face the practical use solar energy. Nevertheless, the more that 
can find out about the sun, its activity, the quantity and quality its radia- 
tion, the better able shall study the direct effects the sun upon the 
There always the important question solar radiation and climate, 
and solar radiation and weather. One would reasonably expect—and observa- 
tion appears confirm the surmise—a close connection between the quality 
solar radiation and the ozone content the atmosphere, for both the production 
disruption the ozone molecules depend upon the amount radiation 
available various regions the far ultra-violet. Study prominences and 
the corona, even more than sun-spots, likely give the most direct 
means estimating the quantity energy this hitherto inaccessible region 
the spectrum. And theory, since the amount ozone has direct bearing 
the transmission radiation through the earth’s atmosphere, particularly 
the wave-lengths that are especially active from the biological standpoint, 
have direct connection between observations the sun and the conversion 
solar energy processes involving plant growth. Dr. Douglass 
Tucson has shown, the study tree rings, that the rate growth has 
probable connection with the sun-spot cycle. 

great importance the communication should further study the 
effect solar activity the ionosphere. The disturbing agencies are probably 


both corpuscles and radiation. know that the motion electrons very 
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sensitive the presence magnetic fields. Hence the fields, both 
and the earth, play powerful role directing the beams ejected 
that strike the earth, cause magnetic storms and aurorae, and 
ionosphere. 

Finally, and most important all the problem can solved, the 
long-range weather prediction. The matter often misunderstood, 
the ultimate practical aim such forecasts would not tell whether the 
next fourth July will clear rainy that the family picnic can 
long advance, but whether the next growing season will cold warn 
wet dry. Such information would immense value the farmer for 
would determine very largely the type crop would sow, the date planting 
and the general care that would necessary for its development. 

The weather the result many complex considerations, some 


ther 
largely terrestrial, but the motive power very obviously entirely solar. Hen 
counterpart the weather. Terrestrial effects may appear dominant 
but long and careful study should made order prove disprove the 
relationship. Furthermore, statistical analysis, which might show the existence 
possible direct physical connections between the sun, its radiations, and 
condition the earth’s atmosphere. 

thus see that pure solar research, although little aid Professor 
Hottel and his artificial converters, may great aid Professor Thimann 
For many the points have just mentioned are closely tied with the 
biological effects solar radiation. The coronagraph that Harvard Observatory 
just about install the summit Fremont Pass Climax, Colorado, 
modest start our solar research program. feel that coronagraph 
one the best indices solar activity that can found, but the information 
gained from the study Nature’s eclipses alone far too fragmentary 
any use the general problem solar and terrestrial relations. Thus the 
invention, Dr. Lyot Meudon, the coronagraph, which makes possib! 
the production artificial eclipses, one the outstanding advances 
recent years. The Harvard instrument based upon Doctor although 
few important improvements have been made it, notably the introduction 
Doctor Cartwright’s “invisible glass” for the main lenses the instrument 
This procedure reduces and scattered light inside the instrument 
very large factor, enabling record fainter solar phenomena than would 
otherwise possible. 

see it, phase the general problem the practical conversion 
solar energy can divorced from the purely scientific study solar phenomena; 
but thorough discussion fully developed program solar research, making 
use the latest developments science and engineering, would lead 
far afield. shall now turn the problem over colleagues who will discuss 
the latest experiments that are being made Harvard and the 
Institute Technology for putting the sun work. pleasant thought, 


(Please turn page 180) 
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THE TALE TWO CITY 
HALF CENTURY PROGRESS STEAM POWER GENERATION 


ARTHUR GREENE, JR. 
Dean, Emeritus, School Engineering, Princeton, 


During freshman year Pennsylvania, the Philadelphia Times, for 
March 13, 1890, published number articles referring the largest electric 
light plant the world that day, the Sansom Street Station the Edison 
Electric Light Company Philadelphia. According the this was 
rated 80,000 lamp station, while the New York system after six years 
operation was supplying 36,000 lights from its three stations, the Boston 
system 25,000 lights from two stations and Chicago had single station built 
1887. These early stations were rated the number candlepower 
lamps which they could supply. 

The candlepower carbon lamps consumed watts, giving 3.6 lumens per 
watt. The present watt Mazda lamp gives 10.2 lumens per watt, approxi- 
mately three times much these original lamps. The newest fluorescent 
units today give from lumens per watt. 

The station delivered its first current 4.50 March 1889, supplying 
current the Union League Broad Street and Morgan’s Drug Store 
1629 Walnut Street, each about three-quarters mile from the station. 

The station was well known young engineering student and 
believe that the description may interest you showing the 
difference between the practice power generation and utilization that day 
and that half century later another station the Philadelphia Electric 
Company system. These changes from the earlier practice that the present 
have occurred the period engineering experience. 

territory supplied from the Sansom Street plant covered the mercantile, 
financial, legal and business district Philadelphia, probably area three 
four square miles, including within its boundaries some the largest resi- 
dences. The distribution was arranged the Edison three-wire system with 
about 115 volts between the neutral and either leg. The length trenches for 
the cables was twelve and one-half miles and these were miles ducts 
with the same mileage three-conductor cable. The cost copper amounted 
about one-third the cost the complete system and two-thirds 
the cost distribution equipment ducts, manholes and cables. was 
undoubtedly this copper cost which fixed the location the station near 
the load center expensive site with poor sub-soil and least one mile 
railroads boats for coal supply ash removal, and adjacent mer- 


cantile buildings. Moreover, there was condensing water for efficient steam 
operation with low back pressure. 

The building was erected concrete mat varying thickness, ten feet 
some places and four feet others. had frontage seventy feet 
and depth ninety-seven and one-half feet. When completed the building had 


Presidential address, Princeton Chapter. Published jointly with 
arrangement. 
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eight floors varying heights. The ground floor was occupied Armingt 

and Sims high speed engines and each these was belted pair 115 
generators the second floor, the neutral lead the three-wire 
connected between them. The third floor was occupied four 
fans and two smoke breechings receiving the downward discharge the 
gases from the boilers the fourth floor. The fifth floor the finish 
station was replica the third floor with flues and fans for the boilers the 
sixth floor. The seventh floor was used for the coal bin and feed-water 


and the eighth floor just below the roof was used for offices, though remem. 


ber the station, believe repair shops were also located this level. 

Twenty Armington and Sims engines 500 IHP were operated with 
125 pounds per square inch gauge pressure. Steam was furnished fron 
twenty-eight 500 water-tube boilers arranged four batteries 
units, two them each boiler-room floor. These were placed against the 
side walls the building with the hand-firing aisle between them. Coal was 
delivered into small cars raised the seventh floor and run over the coal bin 
for discharge through spouts, while ashes were collected cars the third and 
fifth floors. The cars were brought the proper level and the ashes dumped 
into bins carts for removal from the station property. The exhaust steam was 
delivered into the atmosphere although its use for commercial steam heating 
was thought originally. The 165 generators weighed tons and 
feet high with breadth feet. 

From test experience during this period believe that these engines used 
least pounds steam per hour and that the boilers attained 
efficiency 60%. this the case the station performance was 60,000 Btu 
per hour, overall efficiency little less than 6%. The reasons for 
this low efficiency were the small temperature range the engines, the 
ciency the boilers, the loss from the belt drives and from the generators 
well the absence devices which regain energy was possible fron 
parts the system wastes. 

the early days the charge for c.p. lamp hour, its equivalent, was 
cents. When this price was compared with the cost gas giving the same 
amount illumination, was found that the justifiable gas cost was $2.25 
thousand cubic feet. gas that time was sold $1.50 per thousand, 
selling price electric energy was reduced cent per candlepower 
lamp hour. This was believed lower than the price any other city the 
United States the world. The early price was the equivalent cents 
per hour and the reduced price 13.6 cents per 
after starting the plant minimum charge $5.00 per month was fixed for 
consumers having twenty 16-candlepower lamps less. For all lights installed 
beyond twenty, minimum charge cents per month was added per 
its equivalent. This covered the yearly cost the equipment necessary 
serve the customer. this schedule lamps were considered equivalent 
horsepower. 

meter energy about one one-thousandth the current 
through electrolytic cell and once four weeks the cells were changed and 
from the average the increased weight one zinc plate the removed 
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the decrease weight the other, the current supplied was computed and 


xpressed candlepower lamp hours and the bill computed with the minimum 


charge made months low consumption. 

This station continued the central station for this district until the 
alternating current system, first developed the Westinghouse Company, was 
available for transmission from stations The company then 
erected their station 28th and Christian Streets the Schuylkill River 
1903. Here transportation for fuel and refuse, well condensing water, 
were available. Alternating current was generated higher voltages and 
transmitted substations for conversion into direct current for three-wire 
stepped down transformers for utilization. The steam 
turbine was available this time prime mover and vertical turbo-generators 
were installed. this new station the temperature range the steam cycle 
was increased increase steam pressure and the reduction back 
pressure through the use condensers, that performance 34,000 Btu 
hour was obtained the station. Sansom Street became one the 
numerous substations the growing system. 

The A-2 station Schuylkill was added the station 1916 and 
again performance was improved newer turbines horizontal shafts 
which superheated steam 1917 the company had four generating 
stations with 200,000 installed capacity and thirty substations. This 
capacity terms the early ratings would care for 4,000,000 50-watt lamps, 
wer forty-five times that cared for Sansom Street. 

The Philadelphia Electric Company now added several large modern stations 
Chester and Philadelphia well hydro-electric station Conowingo 
the Susquehanna. With the newer stations much greater efficiency than 
that the combined A-1-2 stations, these units Schuylkill were used for 
standby purposes employed only when load could not carried elsewhere. 
The plant was not abandoned but its average output would equal its capacity 
generation for less than ten days per year. 

Within recent years the demand for greater capacity the system has 
resulted study possible changes this standby station. The later hori- 
zontal turbines this plant had total capacity 85,000 and were 
operated 215 pounds per square inch gauge pressure with 150° superheat. 
These turbines utilized most the river flow for condensing purposes. There 
were number inefficient vertical turbines the installation with forty 
boilers plant and twenty A-2. was apparent that one method 
obtaining more capacity without increasing the demand for cooling water would 
install turbo-generator operating with high pressure steam and exhaust- 
ing the pressure slightly above that required for the later turbines the 
plant, using the exhaust steam for their supply. Such installation high 
pressure unit discharge into existing turbines station known “top- 
ping,” and this case the topping capacity was made 50,000 with steam 
1350 pounds per square inch gauge pressure and temperature 910° 
for the superheated steam. make this improvement, twenty-four the old 
boilers A-1 were replaced two new boilers, each capable delivering 
600,000 pounds steam per hour, and the turbine was installed space freed 
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the removal old 15,000 vertical unit. Thus the same groy 
space and with the same condensing water supply increase capacity 
50,000 was possible. 

Not only did this topping give additional capacity, but the performance 
the station was changed from 22,000 Btu per hour, the best result 
the three later turbines, 11,800 Btu per hour, value which resulted 
the change the station from standby plant utilized its capacit 
base load station using less than one pound coal per hour plac 
five pounds coal for such output from the Sansom Street 

make clear the reasons for this change performance certain 
should noted. the first place the maximum amount available energy 
steam depends upon the initial temperature and the range temperature 
cycle. With steam 125 pounds per square inch gauge pressure 
into the atmosphere just above its pressure, the temperature range 1890 
from 353° 213° This gave maximum possible Carnot efficiency 
17%. Steam pressures for power plants gradually increased 175 pow 
gauge 1903, 250 pounds 1910, 350 pounds 1916, 550 pounds 1922 


1,200 pounds 1923. The pressure 3,200 pounds was used England wit! 
the Benson boiler 1923. This latter pressure that the critical 
water and its use determined primarily structural details the boiler 
the pressure utilization after throttling being about 1,500 pounds. 
the increase the range temperature changes steam pressure 
use superheat became quite common the steam turbine plants the secor 
decade this century. The superheat were known the 
the last century but its application engines resulted 
introduction the turbine was necessary for its full utilization. The super 
heat 150° 1916 gave temperature 550° and this final temperature 
was gradually increased that 1929 the Detroit Edison Company 


1,000° for one its turbines. With these high temperatures the 
materials decreased that special alloys are required for piping, 
and fittings well for parts the turbine. 

The reduction the back pressure the use the steam condenser 
the decrease the low temperature the cycle has been practiced since 


condensing water was not used Sansom Street. well note that 
physical condition for engine operation makes absolute pressure pounds 
per square inch the point maximum return, while with the steam turbine the 
lowest possible pressure efficient because the physical conditions its 
operation. With the conditions the topped station 1,300 pounds 
steam superheated 910° and with river water 75° the 
possible efficiency (Carnot efficiency) 61%, great increase over that 
17% the Sansom Street Station. 

The vertical Curtis turbines Schuylkill 1903 were among the 
used the United States. The first Parons turbo-generator was used the 
shops the Westinghouse Company 1899 and the second was installed 
the Hartford Electric Company 1901. The capacity the former 
400 and that the latter, 1,500 The sizes turbines then 
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These turbines with their direct connections resulted the elimination 

belt loss the early days and their high rotative speeds resulted 

weight and cost, while the absence the initial condensation 

steam engine and the ability effectively use steam the lowest possible 

Ite made these devices greater inherent efficiency. 
pacit turbine-boiler cycle departs from the teaching Carnot regarding the 
ple heat one temperature that feed water gradually heated from 
outside source. the modern cycle, steam for feed-water heating bled 
the turbine casing various points after available energy above the 
such points has been utilized the blades. this way the tem- 
heat from within the cycle, confining most the external heat use constant 


temperature. These regenerative cycles use from two five stages bleeding 
ncy for the feed-water heaters. 

und eliminate erosion the blades desirable that the free moisture due 
abstraction energy from the steam should not exceed 12% any point 
its use. ensure this the initial steam highly superheated for some turbines 
and others the steam resuperheated after has expanded 
mediate pressure and before its use the lower stage the compound unit. 
Reheat and regeneration are responsible for appreciable increase efficiency 
modern turbines, although this topping turbine Schuylkill the initial 
conditions were chosen that the exhaust without reheat was 215 pounds 
per square inch gauge with 150° superheat, the initial condition for which 
the station turbines were designed. 

this turbine room full utilization waste heat practiced. Frictional 
heat removed from the lubricating oil through interchangers the feed 
water, and the hydrogen used for cooling the generator also serves warm 
this feed. the exhaust steam from the jet air evacuators the con- 
lensers returns all its energy this water. 


Hydrogen used cool the generators because its lower density which 
reduces the windage losses, while its viscosity and coefficient conduction give 
lower values film resistances heat flow the interchangers. 

The steam jet air pump not only makes less bulky machine for this purpose 
but its use higher vacua are possible with the same cooling water. 

The attempt made utilize all the wastes the earlier stations. 

The improvements the boiler house this station are seen the use 


air preheaters, economizers, pulverized fuel, large combustion space, mechanical 
handling coal and refuse, soot blowers, evaporators and continuous blow- 


Qa. 

wn 


use pulverized coal permits more intimate contact fuel and air 
and this with hot air supply reduces the amount excess air needed prevent 
the formation carbon monoxide. Hence, the weight flue gas decreased. 
The temperature these gases reduced heating the feed water part 
the boiler and then the air preheaters which deliver air the furnace 
with the reduction the gas temperature 375° place possible 
temperature 650°. The furnace has been made such volume that 27,300 
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are released per hour per cubic foot full load, amount necessary 
assure complete combustion before the gases reach the water tubes. 
maintain proper heat transfer through the boiler tubes, soot one 
removed modern soot blowers, while scale prevented using 
water from evaporators. concentration control and deaeration 
corrosion while electric fly ash precipitators prevent nuisance. These, 


alli) 


not affecting heat transfer, reduce maintenance costs and the troubles 
from outages well public objections city plant. 

The soot blowers Sansom Street were pipe lances which were 
hand when under steam. This was such unpleasant task that seldom 
the deposit thoroughly removed. Today the rise exhaust gas temperatur 
set limit indicates that the tubes are dirty and the mere pulling 
operates the blowers. 

The heat the blowoff from the boilers utilized the continu 
down apparatus that even this srnall loss eliminated. 

The methods handling fuel, ash refuse and water and the control boiler 
operation have been improved that the number operators this station 


180,000 not much greater than that the crews the Sansom Street 

addition the above power house apparatus, mention must made the 
control instruments which operating conditions may known any instant, 
and data obtained from which performance may definitely computed 
physical monetary values. 

From the above details seen that the careful study the cycle 
well each small element waste has changed the performance 60,000 Btu 
per hour Sansom Street that 11,800 Btu Schuylkill and the 
price the domestic consumer from cents per hour with 
minimum charge average 3.75 cents per hour and 
charge cents. The cost kilowatt hour for the householder has been 
reduced less than 20% the early price, and the common lamp today gives 
light one-third the energy consumption, that the money cost 
one-fifteenth that 1890. This will made less few years and still 
smaller during the next half century which lies before our new members 
Sigma Xi. May many you aid this reduction new discoveries. 
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THE NATURE DISPROPORTIONATE ARFISM, 
WITH SPECIAL REFERENCE 
LANDAUER 


Storrs Agricultural Experiment Station, University Connecticut, 
Storrs, Connecticut 


Normal growth higher animals the result definite sequence cell 
multiplication and processes morphogenesis and differentiation. 


Any 
wencies interfering with the intensity, the correct timing, the proper inter- 


physiological processes which contribute growth, may thereby lead 
dwarfism. The extreme complexity growth accounts for the existence 
many vulnerable points and for the occurrence variety growth abnormali- 


ies, extending from slight stunting one part diminutive size the whole 


man abnormalities growth have aroused interest for long time 
Very small body size occurs racial human character (pygmies) 
but, addition, there are many types pathological dwarfism. Some these 
disturbances appear only after birth and are caused endocrine 
factors, e.g., infantilism due pituitary deficiency, cretinoid dwarf- 
ism developing the basis improper functioning the thyroid, and the 
most severe, but now rare, forms rickets. There are other post-natally 
arising arrests growth, e.g., Morquio’s disease and Kashin-Beck’s disease, 
which the etiology still unknown. Among congenital forms dwarfism 
the most widely known are nanosomia primordialis (ateliosis, dwarfism) 
chondrodystrophy (achondroplasia). 


Both are familial, least part 


Fic. Antique Egyptian earthenware statuettes, representing the god Ptah. 


‘hey show typical disproportionate (chondrodystrophic) dwarfism. (Courtesy 


*Based seminar lecture the Department Biology, Brown University. 
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the cases, and little known concerning the nature the primary 
with the growth mechanism. 

considerable variety abnormalities growth has been disclosed 
recent years fowl and these furnish interesting material for study. 
man, there are racial types dwarfism well other forms which are 
endocrine, nutritional, yet unknown factors; some are hereditary, 
are brought environmental agencies. review these various 
dwarfism fowl will presented the following pages. Particular atte; 
tion will given the developmental events they are modified 
arresting agencies. Since Creeper fowl are present our principal source 


information this respect, the results obtained with this material will dis 
cussed some detail. 


+ 


The Bantam breeds are anciently known dwarf races fowl. Bantams 
physiologically normal miniatures the large breeds. Their small 
determined multiple genetic factors. The body proportions Bantams 
differ somewhat from those their larger counterparts, the extremities 
shorter relation total body size (Lerner, 1937). 

Among the pathological forms dwarfism there one particular 
which appears caused thyroid abnormality (Landauer, 
this type remain very small and sexually immature; they are brachycephal 
and show various symptoms myxedema (Fig. 2). gradient 
shortening can observed the long bones the legs, the femur being leas 
affected and the tarsometatarsus most. hatching time general body size 
appears normal. This dwarfism recessive hereditary trait (Upp, 1934). 

Nutritional deficiencies are 
known cause growth dis- 
turbances 
quate manganese intake 
laying hens causes distinct 
micromelia among their prog- 
eny, shortening the 
extremities relative the 
body (Byerly, Titus, Ellis 
and Landauer, 1935; Lyons 
and Insko, 1937). The de- 
gree shortening the long 
bones and the viability the 
embryos vary with the ex- 
tent manganese 
Micromelic chicks this 

Fic. Rhode Island Red dwarf kind may hatch and even 
this form dwarfism the thyroid abnormal. grow (Fig. 

bryonic stages well 
after hatching found that the degree shortening the leg bones follows 
proximo-distal gradient, the femur being the least and the tarsometatarsus 
most shortened the three leg bones (Landauer, 1936; Caskey and 


1940). Insufficient manganese consumption after hatching produces also 
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unced growth retardation the long bones the extremities, while total body 
weight not affected (Caskey, Gallup and Norris, 1939). The histological 
alterations bone structure these cases are quite different from those encoun- 
tered other forms micromelia chickens (Landauer, 1936). 

Hens 
cient diets also produce 
among their progeny micro- 
melic embryos (Romanoff, 
embryos reduced, the legs 
(and presumably 
wings) are greatly shortened 
and, addition, there 
prognathism, the lower man- 
dible generally being shorter 
than the upper one. Histo- 
logical findings bone 
structure have not yet been 
reported; hence, the exact 


this type micro Fic. adult micromelic pullet, hatched 

melia remains uncertain. from manganese-deficient egg. (From Caskey 
The sporadic occurrence and Norris, 1940.) 

chondrodystrophy (achon- 


droplasia) among embryos different breeds fowl was first reported 
Landauer (1927) and Dunn (1927). Here are dealing with non-hereditary 
micromelia which cartilage growth disturbed and endochondral ossification 
deficient. The skull has frequently, but not always, abnormal conformation 
and the long bones the extremities are shortened. Such embryos are found 
most commonly winter early spring, the frequency occurrence becoming 
lower with the advance spring and summer. This seasonal factor suggests 
that nutritional deficiency may play etiological 

recessive semi-lethal mutation fowl has been found recently (unpub- 
lished) which produces shortening the upper beak and the long bones 
the extremities. wing bones are less involved than the leg bones and 
the legs, length the femur least reduced and that the tarsometatarsus 

The so-called Creeper breed chickens represents the most extensively 
studied case micromelia fowl (Figs. and 5). Creeper chickens the 
extremities are very short proportion the body, the shaft the tibia often 
bent, and the fibula less rudimentary than normal fowl. Histological 
examination the long bones reveals that are dealing with chondrodystrophy 
cartilage growth disturbed and endochondral ossification reduced extent 
(Landauer, 1931). These Creeper traits are inherited Mendelian dominant. 
Evidence which cannot reviewed here suggests that the mutation consists 
deletion another chromosomal abnormality (Landauer, 1932 1933 
1935 a). was found that the progenies all Creeper individuals segregate 


for the normal and Creeper traits. matings normal Creeper there 
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appear always, the average, percent normal and percent Creeper of. 
spring. But, when Creepers are mated Creepers, the progeny consists 
two-thirds Creeper chicks and one-third normal ones; and when the Creeper 

progeny from such matings 


genetically, they are again all 


heterozygous for the Creeper 
tation. Homozygous, pure-breeding 
Creepers not exist. This 
that the homozygous Creeper embryos 
not survive, that are dealing 
with lethal mutation. examina 
tion the data embryonic mortalit 
brought confirmation this 
tion. was found that Creeper 
Creeper matings approximately per 
cent all embryos die near the 
the third and the beginning 
fourth day incubation. compar- 
able mortality occurs Creeper 
normal matings the same stock 
(Landauer and Dunn, 1930). Toward 
the end the third day incubation 
the homozygous embryos are much 
duced general size; the anterior end 


especially the head, disproportion- 


Fic. chondrodystrophic South 
nal, 1934.) thalmia; the wing buds are 


Fic. Creeper cock (chondrodystrophy) left and Modern 
tion Game cock right, showing the two extremes fowl relative 
the extremities. 
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normal size and the leg buds, present all, are quite rudimentary. 
the whole, growth more conspicuously affected than morphogenesis 


Landauer, 1932 a). 
and the same asymmetry tends hold for the 
otocysts (Rudnick and Hamburger, 1939). 
rare instances homozygous Creeper embryos sur- 
vive later stages; fact, they may live the 
end the incubation period, though they are un- 
able hatch and generally die during the last 
week incubation. Such embryos (Fig. are 
much reduced general body size, the head 
abnormal and the extremities are rudimentary 
(phokomelia). Ulna and radius well tibia 
fibula usually are fused together more 
less extreme degree. Cartilage differentiation 
the long bones very incomplete and little, any, 
occurs. The eyes show nearly com- 
plete lack scleral cartilage, coloboma, and other 
abnormalities (Landauer, 1933 b). matings 
Japanese Bantam fowl, breed which was 
found genetically Creeper, higher pro- 
portion homozygous embryos survives late 


The left eye generally more retarded than the right 


Fic. 
Creeper embryo with ab- 
normal head and rudimen- 


tary extremities 


melia). 


stages than matings ordinary Creeper chickens (Landauer, 1938). 
Data increase length bones and weight the body and various 


rgans have yielded interesting results (Landauer, 1934, 1939 a). 


facts can referred here. 


Only few 


weight heterozygous Creeper embryos 


perhaps slightly below though significant differences have not been 
stablished, but the weight homozygous embryos much below the normal 


CpCp 

ae” 

0 

8 9 10 i 2 3 is 16 17 18 

Fic. Means tibia length normal 


heterozygous Creeper (Cpcp), and 
homozygous Creeper (CpCp) 
days incubation; ordinate: length 


I, 


level throughout. For the 
different long bones, was 
found during embryonic de- 
velopment that bone length 
the heterozygous Creepers 
always less than that 
normal embryos and ho- 
mozygous embryos con- 
siderably less than that 
heterozygous Creepers. 
concerned the effect 
the homozygous condition 
more than double that the 
heterozygous one (Fig. 7). 
The differences bone 
length heterozygous 
Creeper and normal chickens 
persist after hatching and 
one the interesting fea- 
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tures adult Creeper 
nounced sexual difference 
long bone length than 
found normal 
With regard 
weights shall here make 
reference only heart and 
spleen. There 
any, difference between 
absolute heart 
normal embryos, 
the hearts late hom 


i 


da 


Fic. Means heart weight relative Creeper embryos are 


body weight normal (cpcp), heterozygous 
Creeper (Cpcp), and homozygous Creeper 


smaller than normal 


(CpCp) embryos. Abscissa: days incuba- nine 


tion; ordinate: weight mgm. 


eighteen days 
If, during the same peri 


heart weight compared relative weight the body, found that 
heterozygous Creeper and normal embryos relative heart weight fairly station 
ary, whereas homozygous Creeper embryos relative heart weight starts 
lower level than that either the two other groups but gradually increases 
until exceeds that both heterozygous Creeper and normal embryos (Fig. 


this observation shall return pres- 
ently. Both absolute and relative weight 
the spleen much increased homo- 
zygous Creeper embryos compared with 
heterozygous Creepers and normals (Fig. 
9). formed the long 
bones homozygous Creeper embryos. 
consequence acute anemia de- 
velops which probably the immediate 
cause death these embryos. The 
spleen unquestionably takes over part 
the hematopoietic function the nor- 
mal bone marrow but, spite its 
enlargement, obviously incapable 
complete substitution. the anemia be- 
comes more severe the demands the 
circulation increase; hence, gradual 
hypertrophy the heart. These organ 
changes are demonstration secondary 
functional adjustments the presence 
lethal mutation. 

Returning our observations 
length the long bones, modified 


Fic. Means spleen weight 
relative body weight 
heterozygous Creeper 
and homozygous Creeper 
(CpCp) embryos. Abscissa: days 
incubation; ordinate: weight 
1/1000 mgm. 
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the Creeper mutation, possible make certain generalizations which are 
interest. These generalizations hold also for the lethal mutation found among 
Cornish fowl (Landauer, 1935 1939 b). First, found that the time 


the degree which they are shortened. This accounts for the 
roximo-distal gradient the legs, the ontogenetically oldest femur being least 
and the latest appearing tarsometatarsus most. Similarly, the wings, 
which are laid down somewhat earlier than the legs, are involved lesser 
Another factor which important determining the extent effect 
the Creeper mutation the inherent normal growth capacity each bone: 
the reduction length each the leg bones, measured combined reduction 
all them, the more extreme the greater the length which each the 
attains the absence the Creeper mutation. 

From the foregoing observations appears that normal factors bone 
influence the effect which the Creeper and the Cornish mutations have 
different parts the appendicular skeleton. similar situation has been 
noted previously both connection with the mutation which causes shortening 
the upper beak and the long bones and regard cases dwarfism and 
micromelia which are produced endocrine disturbances nutritional 
leficiencies. Another peculiarity which many these pathological variants 
have common the simultaneous involvement head and extremities 
noted below. 

far the Creeper mutation concerned, have seen that hetero- 
zygotes the extremities (long bones) are the principal only part the body 
which affected and that homozygotes multiple and complex syndrome 
produced which implicates many organs and parts. This situation suggests that 
the Creeper mutation does not any specific manner produce localized effects, 
but that its results are brought about interference with general develop- 
mental process which various parts respond differentially. Such explana- 
tion finds further support from several sources experimental evidence. 
in-vitro experiments David (1936) found that the growth activity heart 
fragments (fibroblasts) from homozygous Creeper embryos was inferior that 
comparable cultures from heterozygous Creeper and normal embryos. 
btained similar results with heart fragments which were taken from retarded, 
but genetically normal, embryos. other experiments was found that limb 
buds genetically normal embryos grown severely growth-restricting cul- 
ture medium developed many the morphological and histological features 
homozygous Creeper embryos (Fell and Landauer, 1935). 

group investigators South Dakota found that selenium, when present 
above certain concentration the feed laying hens, produced developing 
chicken embryos variety malformations (chiefly head and extremities). 
comparison Creeper hens and their genetically normal sisters was 
found that the Creeper mutation causes exaggeration the selenium effect, 
both with regard time death the embryos and with regard severity 
the developmental abnormalities (Landauer, 1940 a). This exaggeration 
the selenium effect the presence the Creeper mutation particular 
interest because there reason believe that the selenium itself acts through 
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inhibition cellular oxygen consumption (Wright, 1938). Although 
have definite knowledge present the events which lead the 
the Creeper traits, all evidence points the conclusion that some dan ent 
process, such appears produce the selenium abnormalities, involved, 
that this the various parts respond differentially with regard size 
structure. 
Creeper embryos well the embryos the morphologically 
lethal mutation Cornish fowl (Landauer, 1935 1939 b), percentage 
rate bone length has been found differ from that normal emt 
such way suggest that certain periods substance 
needed for embryonic growth are not available sufficient amounts (Fig. 


has been emphasized tha 
various organs parts 
homozygous 
reflect different degrees the 


4 


tion. This diversification 
sponse all probability 
tially due specific reactions 
within the parts, but there 
evidence also 
that differences local growth 
the tarsometatarsus norma anc dissimilarity size well 
scissa: days incubation; ordinate: incre- structure parts. 
ments. gard the asymmetry 


eyes, observed Rudnick 
Hamburger early homozygous Creeper embryos, has been pointed out 
(Landauer, 1940 that the heterogeneity growth intensity the two sides 
the embryonic head region may the causative agency. interest 
this connection that late homozygous Creeper embryos (which 
owe their existence the presence genetic modifier) asymmetries 
eye size structure have been found. The general interference with develop- 
ment, caused the Creeper mutation, is, those homozygous embryos 
survive the early lethal period, presumably sufficiently allayed prevent 
local growth differences from producing differential results. 

Any agents carried the blood stream, such hormones, are ruled out 
possible causes the Creeper traits the results transplantation studies 
(David, 1936; Hamburger, 1939, 1940). These experiments demonstrate 
that primordia are “determined” very early stages (forty-eight hours 
development) become homozygous Creeper. This yet another indication 
that the Creeper factor involves some general process embryo 
which may well affect the activity all cells. 

The various types dwarfism and micromelia fowl which have 
discussed here, whether they are hereditary non-genetic, have one feature 
common, viz., the simultaneous head and extremities. The 
developmental correlations this kind fowl and other birds could 
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jerably lengthened and also 

mammals cases 
nature are coming 
This may taken 
susceptibility these parts 
and the high suscepti- 

expression especially 


great demands these rap- 
growing parts vari- 
fundamental physiologi- 
processes, 

birds the occurrence 

micromelia 
fined fowl. Another ex- 
ample represented Im- 
peyan pheasants. Among 
mammals many instances 
known. Attention 
ready been called dispro- 
dwarfism man. Fic. 11. Ancon ewe. 
mention but few cases, 
may made the Dexter breed cattle, studied Crew (1923) 
and others, and Telemark cattle (Mohr, 1929), both being the chondro- 
dystrophic type. Here also belong Basset hounds, Dachshunds, African dwarf 
goats, and Ancon sheep (Fig. 11). For all these latter forms histological 
studies bone structure are still lacking; hence, impossible sure 
the type dwarfism which they represent. There striking similarity, 
however, between all these forms micromelia and for them, for Creeper 
fowl, may found some day that their peculiar features are due disturb- 


ance the developmental pattern some general aberration physiological 
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1940 (a). 
Teratological correlations and the mechanism gene 
Proc. Seventh Internat. Congress Genetics, Edinburgh, 1939, 
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W., Further data the inheritance dwarfism fowls. 
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Science Versus Life 

(Concluded from page 156) 

built speech and song out hiss and roar, and stepped out the 

explore and master the universe, may some day conquer his own irrational 

myopic behavior towards his kin. 
think can say, even the face current pessimism, that during 
ups and downs past ages man has gradually acquired more understanding 

more freedom from fear, more dignity, greater kindness, and clearer concep. 

tion justice. Even though for the moment, “the bird not 

flying over our heads, but nesting our hair,—to borrow 
proverb—that bird will not nest our hair forever, even though blackout 
the light science decreed every land. For, slowly but surely, 
method science will help make life more intelligent, toil more 

fear and hatred, pain and tears less prevalent our lives. any 
time the blind fury hatred our brethren and the insane violence 

render the pursuit science impossible, and the scientific method 

and forgotten, will rediscovered, better days, better men. 

I—The Nature Solar Energy 

(Concluded from page 164) 

“putting the sun work”; the sun has been putting work for the past 

fifteen years and welcome the chance get even. 

REFERENCES 

Abbot, The Sun; Abetti, The Sun; Mitchell, Eclipses the Sun; Unsold 

Sternatmospheren; Menzel, Problems the Solar Atmosphere, Proc. 


Phil. Soc. 81, 107, 1939; Menzel, Preface Solar Research, Sci. 
press. 
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ELIHU THOMSON SELECTS WILLIS 


Maplewood, New Jersey 


has been said that Science can exist without Industry, which did for 


hundreds years. But Industry cannot exist for ten minutes, these days, 
without Science. 


Invention and research are the life blood the industries that make possible 


civilized nation and, think proper add, they give politicians chance 


collect millions dollars taxes. 

The story told that when Faraday demonstrated his early dynamo 
its crudity did not appeal, and said, “Mr. Faraday, tell me, what 
this apparatus?” replied Faraday, not doubt that later you 


will able tax it.” 


quote: impulse inherent primeval man turned his thoughts and 
uestionings betimes toward the sources natural phenomena. The same 
mpulse inherited and intensified the spur scientific action today.” 

Those are the opening sentences address delivered Belfast, Ireland, 
1874, John Tyndall, president the British Association for the Advance- 


ment Science. 


this address Tyndall depicts the birth Science, and mentions the great 


who created it, and the names the great men who nourished it, 


gives summary their important discoveries. The address ends with 
rophecy the future, when the urge for greater experimentation will drive 


the scientist into undiscovered fields. discusses the possible approach and 


the experimenter, and ends follows: 


affirm this field for the noblest exercise what contrast 
with the knowing faculties, may called the creative faculties man. 
“Here, however, touch theme too great for handle, but 
which will assuredly handled the loftiest minds when you and 


like streaks morning cloud, shall have melted into the infinite azure 
the past.” 


Many times, scientists have commented the similarity the working 
ninds Michael Faraday, son village blacksmith, John Tyndall, son 
Irish landowner—a locomotive engineer his younger years and 
later noted for his glacier motion inquiry—and Elihu Thomson, son 
mechanic and millwright. 

whatever place Elihu Thomson worked, that spot was research labora- 
tory. lived atmosphere research, which was his own creation. 
His first job after graduation was that analytical chemist ironmaster’s 
laboratory, where much his work was the analyses specimens iron ores. 
Chemistry was his premier interest; the age twenty was teaching it, 


the fortieth anniversary the founding the General Electric Research 
Laboratory and the pointment Dr. Whitney its director. The author was 
mate associate Professor Thomson the original Thomson-Houston Electric Company. 
was one of the executives of the General Electric Company from its early years and 
member the administrative board when the Research Laboratory was established 
and Doctor Whitney was invited assume its 
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and had his warm interest all his life. possessed many-sided This 
Besides chemistry, there are physics, mechanics, astronomy, medicine, where 
tricity; enriched them all. 


There was one aim research work which Professor Thomson did that has 
always been great interest me, was observer. showed his 
method approach and attack. 1886, with increased laboratory 


acilit 


that 
and 
rou 


and more time his disposal built number pieces apparatus 
undertook long series experiments. Many his results 
paper which was read before the American Institute Electrical 
May, 1887, under the title, “Novel Phenomena Alternating Current lib 
demonstrated Experiments.” 


The most striking result this research was the so-called repulsion 
short-circuited secondary placed over the pole alternating 
magnet was repelled that pole. The effect his disclosures that 
can hardly overestimated. They furnished inspiration many invent 
and scientists. recall now the great thrill had when first showed 


i 
experiment. 
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ELIHU THOMSON SELECTS WILLIS WHITNEY 


This repulsion experiment created much attention England and France, 
where was repeated with apparatus loaned Professor Thomson. This 
jiscovery led many important inventions, one which was sustained the 
patent the induction motor. 

1899, while vice-president the American Association for the Advance- 
ment Science, Thomson read paper under the title, “The Field Experi- 
mental Research,” which indicates that organized research was very much 
his mind that time. followed naturally that the following year 1900 
was thinking putting his ideas into practice. Under the date September 
1900, wrote letter, from which now read extract: 


“It does seem that company large the General Electric 
Company should not fail continue investigation and developing new 
fields; there should, fact, research laboratory for the commercial 
applications scientific principles, and even for the discovery those 
principles. sure that the Company would gain greatly from such 
laboratory properly conducted, and even indirectly the resources the 
laboratory would very useful indeed. 

had already spoken Mr. about such laboratory, and said 
that must judgment entirely divorced from the factory methods, 
and run the principle doing the work before it, regardless 
routine methods. needs trusty, enthusiastic workers, who, when 
they are the track something valuable, will not stop consider 
whether the whistle blows certain time, but who, achieving results, 
will pursue with energy the thing view when seems possible that 
step advance may made. Whoever has charge the laboratory 
demonstrator should, course, have sufficient business capacity keep 
things going proper shape, making the men responsible for their work. 
hold myself readiness anything that may required put 
forward the work undertaken suggestion the like. 

“We really possess but very little information regard very many 
chemical substances and elements. Some them doubtless possess proper- 
ties great value us. 

would make another suggestion added yours, i.e., that such 
laboratory proposed should also embody Bureau Informa- 
tion, that is, someone competent should appointed collect from the 
scientific literature the day such papers may contain valuable data, 
data and suggestions, the object being have one’s finger-ends available 
information, and all this matter should kept strictly within the 
library and divorced from other departments. only the carrying 
such investigations that advance can made these days, which 
will cause our Company hold its own and keep abreast the times. 
The experimentation can rarely done private enterprise except 
some restricted line, and then the time consumed naturally very great 
from the lack due facility resources. 


Rice, Jr., who later became president the General Electric 
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Philadelphia December 30, 1940. 
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“Now the chemist take charge the work, the name 
one occurs present, but will over list those with whom 
acquainted the American Chemical Society, find, 
someone who may suitable man. needs, course, rather 
tional qualities, must not only chemist, but rather broa 
minded man general education and some experience, 
allow him directly the mark getting results.” 
Very truly yours, 
(Signed) 


* * * 


Copy letter written Professor Elihu Thomson sixteen days later 


October 10, 1900, 
Dr. Whitney, 


Mass. Ins. Technology, 
Boston, Mass. 
Dear Sir: 

requested arrange have interview with you regard 
the possibility your taking electro-chemical and similar work, with 
the General Electric Company Schenectady. you could call 
office the works the General Electric Company Lynn, say Friday 
afternoon this week, could talk the matter over with you, or, more 
convenient, the matter could rest. 

Very truly yours, 
(Signed) 


Truly have full warrant for the statement that Elihu Thomson was the 


father General Electric Research. 


CONVENTION NOTES 


The Forty-first Annual Convention the Society the Sigma was held 


Petitions for charter for chapter 
Sigma were granted Bryn Mawr College and Oberlin College. 
the Committee Membership Structure and the Committee 
were presented. Mr. Davies was elected member the Executive Com- 
mittee for the ensuing five-year period, and Dr. James Angell and 
Elizabeth Adams were elected members the Alumni 
recommendation the Executive Committee was adopted the 
that each club pay annual assessment 50c per club member the National 
Treasurer. The full proceedings the Convention will published the 
Spring issue the QUARTERLY. 
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Research Fund for Grants-in-Aid 


Contributions the 1941 Fund 


Contributions the Sigma Alumni Research Fund, appropriated solely 
for grants-in-aid research, are gratefully received throughout the year, but 


the contributions received during the months just ahead determine the amount 


which may appropriated for research during the academic year 1941-42. The 


Committee Grants-in-Aid Research (G. Calkins, Harlow Shapley, and 


= 


Whitney, Chairman) meets annually the close the academic year 
nake the awards for the following year. 

Members and Associates: Alumni, Active, Initiate—Send your con- 
ibution, large small, now the National Secretary. This your opportunity 


share directly the promotion research, the sole object Sigma Xi. The 


QUARTERLY sent for one year each contributor one dollar more. 


Continuation Subscriptions the Research Fund 


The interests the Research Fund would best served the contributors, 
where possible, would make Continuation Subscription the Fund for Grants- 
Just inform the Secretary that, until further notice, you will willing 
enrolled the National Headquarters Continuation Subscriber, stating 
the amount you desire contribute annually and the date when you wish pay. 
Continuation subscriptions will largely eliminate the annual expense for circu- 


larization. 


Additional Contributors the 1940 Fund 


complete list contributors was published the issue the 
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California 
Harry BERNARD, Brown 

Cornell 

Brown, Rensselaer 

CARPENTER, Case 

Rensselaer 
Stanford 

Michigan 
Michigan 

LINDEMANN, Michigan 


Wisconsin 
Marvin, Columbia 

Yale 

Epwarp Ohio State 
Peck, Yale 

SEELYE Pratt, Michigan 
Nebraska 
SEEGAR, Ohio State 
SHAPLEY, Harvard 

SHEPHERD, Ohio State 
Mary Chicago 
TRUESDALE, Minnesota 
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Science Progress 


First Series. Published May, 1939 
Virus Diseases—Kunkel; Vitamins and Hormones—Mason; 
liams; Hormones Reproduction—Allen; Chromosome Structure—Painte 
Brain Metabolism—Benedict. Foreword Harloy 
Shapley. 
Second Series. Published December, 1940 
(National Sigma Lectureships, 1939 and 1940) 


Contents. Hereditary Mechanism—Stadler Plant 


Brain—Fulton; Carolina Coast Craters—Johnson; Age the Earth—Lane 


stated Dr. Malisoff the New York Times Book 
these volumes have important purpose; they aim making one 


tween the sciences. Harlow Shapley writes the Foreword: 

looking even briefly the progress diverse fields, obtain some vision 
the new explorations and some understanding the temper the sciences 

can, perhaps, sense where they are going, what kind world they wil 


reveal, how they affect both present and future growth.” 


The material both volumes clearly presented, profusely illustrated, and 
with extensive bibliographies all the fields covered. Both volumes wer 
chosen the book the month the “Scientific Book-of-the-Month 
their review the first volume the Scientific Book Club stated: “Each the 
authors recognized leader his respective field and writes scholarly and 
clear prose. Rare indeed the volume which contains such important 
otherwise inaccessible material presented high literary plane.” Here 


the “men and machines” that have made important inroads into unmapped 


Published the Yale University Press $4.00 per volume 


Orders should given the Secretary your local Chapter Club, sent 
the National Secretary, Sigma Xi, Yale University, New Haven, Conn., order 
advantage the substantial discount now made available members and associates 
Sigma Xi. 


Expanding Cosmic Rays—Anderson; Protein Univ. 
Be ndation 
work clear another and thus tend break down vicious isolationism 
Bbnology 
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OFFICIAL INFORMATION 


Sigma Insignia 


the Society are available, upon prepaid order, 
the office the National Secretary about 
and prices may obtained Chapter Secretaries the 
Secretary. 


Diplomas for Members and Associates 


diplomas for members and associates are 
cents each. Since the diplomas must signed the Presid 
and Secretary the Chapter which the individual was 


individual orders members should placed with ‘hapter Secret 


Constitution and By-Laws 


Printed copies the “Constitution and By-Laws the 
may obtained from the National Secretary any 
cents each. 


Sigma Half Century Record and History 


Copies the “Sigma Half Century Record and History,” pul 
lished are available $3.00 each upon prepaid order 
National volume contains list 
members and associates, and history the Society also 
the constituent chapters and clubs. 


al 


Science Progress (See page 186 for full information.) 


Yale University, New Haven, Conn. 


INITIATES AND ALUMNI MEMBERS—Subscribe the 
and keep touch with the advances science and 
with your organization devoted the promotion research. Circula- 
tion this issue, 25,000. 


One Two years—$1.50; Five years—$3.00. 


Sigma Quarterly, Yale Station, New Haven, Conn. 


Enclosed find $............ for which please send the SIGMA 


Name 
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